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BN Dissolved Oxygen in Lake Whatcom
Trend in the Depletion of Hypolimnetic Oxygen in Basin I

Abstract

Available data for dissolved oxygen in Basin I of Lake Whatcom was reviewed. The rate of depletion of
dissolved oxygen in the hypolimnion was examined for 1983-1997. The hypolimnetic oxygen depletion
rates were calculated for the June through mid-August periods of stratification for each year using
volume-weighted average concentrations of dissolved oxygen.

The hypolimnetic oxygen depletion rates in Basin I appear to be significantly increasing during the
period of 1983-97. The current rates in Basin I are in the typical range for mesotrophic lakes. However,
the increasing trend suggests that trophic state of Basin I may soon shift to a more eutrophic condition
based on criteria suggested by Welch and Wetzel.

Introduction

Oxygen depletion in the bottom waters (hypolimnion) of Basins I and II of Lake Whatcom (Figure 1)
has been well documented during the period of stratification (URS, 1985; Walker, Matthews, and
‘Matthews, 1992; Matthews and Matthews, 1993, 1994, 1995; Matthews, Hilles, and Matthews, 1996 and
1997). The analyses to date have not included determination of hypolimnetic oxygen deficit rates
(HODR) based on volume-weighted average concentrations of dissolved oxygen in the hypolimnion as
recommended by standard textbooks for limnological analyses (e.g. Wetzel and Likens, 1991).

Dissolved oxygen is consumed during the decomposition of organic matter, which is deposited in the
sediments of a lake. During the summer months the surface water (epilimnion) of the lake is heated and
becomes less dense than the deeper, cooler water of the hypolimnion. The hypolimnion becomes
blocked from a supply of oxygen. Dissolved oxygen in the hypolimnion decreases until the fall when
the surface cools and mixes again with the deeper water in the lake.

At low dissolved oxygen concentrations, phosphorus, usually the most limiting nutrient for growth of
algae, is released from the sediment into the water (Cooke et al., 1986.) As summer progresses,
nutrients in the hypolimnion increase in concentration and may be mixed into the lighted, warm
epilimnion where they stimulate growth of algae in the process called internal nutrient loading.
Desirable fish such as salmonids that prefer the cold water of the hypolimnion may be excluded from the
lake due to low oxygen.

Previous Evaluations of Trends in Water Quality in Basin |

Historical data show that the hypolimnion of Basin I has had low dissolved oxygen conditions for at
least the past 30 years. Matthews, Hilles, and Matthews (1997) reported a trend of decreasing
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concentrations of dissolved oxygen at the 10-meter depth during September of 1987-97. The reports by
Matthews et al have also suggested increasing trends in ammonia and dissolved phosphorus in the
hypolimnion with the increasing extent of anoxia.

Adolfson (1997) reported that total phosphorus and chlorophyll in the epilimnion did not exhibit
significant increasing trends in Basin I. Adolfson (1997) also estimated HODR using arithmetic means
of dissolved oxygen in the hypolimnion at the beginning and ending of the stratification season and
reported that there was not evidence of an increasing trend. Adolfson (1997) acknowledged that the use
of volume-weighted average concentrations of dissolved oxygen would have provided a more accurate
estimate of HODR, but this was not done during their study. :

Criteria for HODR

Criteria for HODR in relation to trophic state were reported by Mortimer and summarized by Welch
(1980) and Wetzel (1983) as follows:

Oligotrophic < 250 mg/m?*/day
Eutrophic > 550 mg/m?*/day

The HODR is defined as the rate of depletion of hypolimnetic dissolved oxygen per unit time per unit of
surface area of the hypolimnion. The overall observation time should be at least a month, and preferably
longer, during the period of stratification (Welch, 1980).

Depth-Volume Relationships for Basin |

The bathymetric map of Lake Whatcom is shown in Figure 1. The areas of the 0, 5, 10, 15, and 25-meter
depth contours in Basin I were determined to develop a relationship between depth and volume in the
lake (Figure 2) using the procedure described by Wetzel and Likens (1991). The volumes of horizontal
slices of the lake with discrete depths were estimated based on the interpolated depth-volume
relationship. '

The relative volumes of the discrete slices in the hypolimnion were used to assign volume-weighting
factors for sampling data. For example, the 9.5-10.5 meter depth interval of the lake represents
approximately 18 percent of the total volume below 9.5 meters, therefore the sample from a depth of
10 meters was assigned a volume weighting factor of 0.18 to calculate a volume-weighted average for
hypolimnetic dissolved oxygen, if measurements were made at 1 meter intervals. Volume-weighted
averages are widely recognized in limnology as the most representative estimate of the mass of oxygen
in the water column of a lake (e.g. Wetzel, 1983).

Trend in HODR Between 1983-97

The volume-weighted average concentration of dissolved oxygen in the hypolimnion steadily decreases
during the period of stratification (Figure 3). The rate of decrease is defined as the HODR (Wetzel,
1983), which can be expressed either as a rate of change in concentration (e.g. mg/L/day) or rate of
consumption per unit area of the hypolimnion (e.g. mg/m*/day). The rate of consumption per unit area is
estimated by multiplying the rate of change in concentration (volume-weighted average) by the volume
of the hypolimnion (hypolimnetic volume is 4.7 X 10° m’ from 9.5 meters to the bottom) to obtain the
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rate of change in mass, and then dividing by the area of the hypolimnion (0.92 X 10° m? for the 9.5
meter depth contour).

Dissolved oxygen in the hypolimnion gradually begins to decrease between April and May when
thermal stratification develops. Minimum values of hypolimnetic dissolved oxygen occur at different
times from year to year depending on when de-stratification of the water column occurs. In general, the
HODR is fairly constant between June and mid-August during all years. The HODR was estimated for
each year by linear regression of the hypolimnetic dissolved oxygen concentrations between June and
mid-August (between June 1 and August 15 of each year). The HODR is equal to the slope of the linear
regression equation (Appendix A).

The HODR in Basin I appears to be significantly increasing during the period of 1983-97 (Figure 4).
The trend of increasing HODR is statistically significant at the 95% confidence level based on linear
regression and non-parametric trend tests (the significance level is < 0.05 based on a t-test for the slope
of the linear regression, and for non-parametric Spearman and Pearson correlation tests). Data from
1993 were excluded because the measurements during that year were not sensitive below 2 mg/L. Data
from 1985-87 were excluded because they were not as complete or reliable due to changes in methods
(personal communication with William McCourt, City of Bellingham, Department of Public Works).

The current levels of HODR in Basin I are in the typical range for mesotrophic lakes. However, the trend
in HODR suggests that the trophic state of Basin I may soon shift to a more eutrophic condition based
on criteria for HODR suggested by Welch (1980).

Changes in the HODR are an indicator of eutrophication (Wetzel, 1983). Increases in HODR are usually
caused by increases in production of algae, which is caused by increased loading of nutrients. Changes
in the loading of organic material may also cause changes in HODR. Changes in the land use and
pollution controls in the watershed are usually the cause of changes in loading of nutrients and organic
material to a lake. A

The following summary by Wetzel (1983) is relevant to the use of HODR for detecting trends in Lake
Whatcom and other lakes:

“... when detailed data on productivity are lacking, the oxygen deficit can be informative about
the general trophic status of the lake. Changes in hypolimnetic oxygen deficit rates over long
periods of time can be indicative of overall changes in the productivity of the lake... The trend
(of increases in HODR in Douglas Lake in Michigan for example) reflects an accelerated
nutrient input and eutrophication associated with human activity first as a result of
deforestation, and second as a result of the development of the area for recreational purposes.
This pattern has been repeated many times in other lakes, but long-term data are available only
rarely. The well-known rapid eutrophication of a much larger lake, Lake Erie, has been
Jfollowed in a similar way...”
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Appendix A (continued).

1983-1997 trend in HODR
X=yr (1983-97), Y=8im HODR (mgim2/d) Xmyr (1983-97), Y=10m HODR (mg/mid) Neyr (1983-97), Y=16m HODR (mgim2id)

Regression Output:
m
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